Objective: We have previously reported that amylin/islet amyloid polypeptide (IAPP) mRNA is detected in a substantial subset of medullary carcinomas of the thyroid (MTCs). The aim of this study was to determine if the amylin/IAPP gene is expressed as the IAPP peptide in MTC tissues. Design and Methods: In 10 patients with a histological diagnosis of MTC and with persisting or recurrent disease (basal calcitonin levels .250 pg/ml), the fasting serum insulin and plasma glucose, IAPP and calcitonin levels were measured and compared with those of 18 normal control subjects matched for age and body mass index. IAPP expression was studied by immunohistochemistry in MTCs and lymph-node metastasis tissues. Results: Seven of ten MTC patients had abnormally elevated IAPP levels. Plasma IAPP and serum insulin levels were correlated in both patients and controls, but the slope of the regression line was signi®cantly higher for MTC patients. IAPP staining was detected in four out of 12 random MTC samples and in two out of ®ve lymph-node metastases, using immunohistochemistry. Conclusions: These results indicate that MTC cells express IAPP at the peptide level and that this raises the peripheral plasma levels. Further studies may reveal whether this is a feature of malignant disease.
Introduction
Medullary carcinoma of the thyroid (MTC) originates from the thyroid C-cells, which are part of the diffuse neuroendocrine system. The main product of this tumour and its metastases is the peptide calcitonin, which is the natural product of normal C-cells and thus is a valuable marker for screening and for assessing the ef®cacy of treatment for the disease (1) .
The calcitonin-peptide superfamily consists of calcitonin, calcitonin-gene-related peptide (CGRP), amylin/ IAPP (islet amyloid polypeptide) and adrenomedullin (2) . It was shown previously that the calcitonin/CGRP genes are expressed in practically all medullary carcinomas of the thyroid (3±6). So far, MTC tissues have been demonstrated to be effective in expressing calcitonin and CGRP peptides, which are also secreted and can be measured in plasma (7) .
Although we have previously shown that the IAPP gene is expressed in a substantial subset of MTCs (8) , there is no study showing that the IAPP gene transcript is translated in this tissue (7) . IAPP was originally isolated from two sources: from human insulinoma, and from the islet amyloid found in the pancreas of type 2 diabetic patients (9, 10) . It was subsequently shown that it is localised in the pancreatic beta cells, in the same secretory granules as insulin, and that it is cosecreted with insulin (11) . Circulating IAPP is considered to be almost exclusively of pancreatic origin.
The aim of the present study was to determine if the amylin/IAPP gene is effectively processed to IAPP peptide in MTC, and to determine the IAPP plasma levels in patients with residual or metastatic MTC tissue (having high plasma calcitonin levels).
Subjects and methods
We studied 10 patients with MTC (®ve males, ®ve females; mean age 54^11 years, body mass index 24X2^4 kgam 2 Y who had been operated on for MTC during the last 2±5 years and had persisting high calcitonin levels after radical thyroidectomy. All patients were under substitution treatment with thyroxine. None of the MTC patients had diabetes or chronic renal failure. These patients were compared with 18 non-diabetic control individuals (eight males, ten females) matched for age and body mass index (mean age 42^16 years, body mass index 27X34 X5 kgam 2 X Informed consent to participate in the study was obtained from both patients and controls.
Blood was collected after a 12 h fast for glucose, glycosylated hemoglobin (HbA1c), calcitonin, IAPP and insulin determinations. Plasma glucose was determined with the hexokinase method. Serum insulin immunoreactivity was measured by using the enzymelinked immunosorbent assay (Boehringer Mannheim, Mannheim, Germany); the intra-assay and interassay coef®cients of variation were 7.8% and 6.4% respectively at 100 mU/ml.
For IAPP measurements, blood was collected into prechilled isopropylene tubes with 1 ml EDTA. Then, 2 ml plasma were quickly separated and subsequently extracted with Sep-pack C-18 cartridges. IAPP levels were determined by means of a radioimmunoassay (Peninsula, Belmont, CA, USA) modi®ed in our laboratory as described previously (12) . The sensitivity of the assay was 0.63 pmol/l; linearity of the standard curve between 1 pmol/tube and 16.4 pmol/tube was achieved. The recovery determined in plasma at 4.1 pmol/l and 16.4 pmol/l was 75% and 53.6% respectively, whilst the intra-assay variance was 10.9% at 1.2 pmol/l. Data which represent the levels measured in the assay were not corrected for recoveries. Plasma calcitonin was measured by using a two-site immunoradiometric assay (ELSA hCT kit; CIS Bio International, Gif-Sur-Yvette, France; intra-assay coef®cient of variation, 12%; interassay coef®cient of variation, 10.8%).
The possibility that either calcitonin or CGRP might interfere with the IAPP assay was considered. The cross-reactivity of aCGRP and bCGRP in our IAPP assay was 0.4% at 50% binding. No cross-reactivity with calcitonin was detected.
Immunocytochemistry
In order to verify IAPP-peptide expression in MTCs, we performed an immunocytochemistry study on formaldehyde-®xed, paraf®n-embedded tissue from 12 specimens with medullary carcinoma of the thyroid and from ®ve lymph-node metastases, corresponding to ®ve out of these 12 carcinoma specimens, all of which were obtained from the archives of the Department of Pathology. In only one case were both plasma and tissue specimens available for IAPP-peptide evaluation. Sections (5 mm) were deparaf®nised and rehydrated through graded alcohols. Before further staining, slides were pretreated with avidin/biotin blocking reagent (Dako, Copenhagen, Denmark) for 20 min and with 3% hydrogen peroxide for 5 min at room temperature.
Slides were then incubated for 20 min with normal swine serum (Dako X0901) at room temperature and with a polyclonal IAPP antibody (Biogenesis 0486± 4989, New Fields, UK) diluted at 1:200 overnight in a moisture chamber at 4 8C. Slides were further incubated with biotinated swine antirabbit immunoglobulin (Dako E0353) diluted at 1:300 for 30 min at room temperature. IAPP determination was performed with the streptavidin ABC complex (Dako K0377), using DAB 3 H 3 diaminobenzidine; Sigma D5637) as the chromogen. For negative controls, the primary antibody was omitted and was substituted by non-immune immunoglobulins of the same class. The immunohistochemical stain was considered as positive when a granular, brownish cytoplasmic product was present.
Statistical analysis
Standard statistical techniques were used: means were compared by using the Student's t-test, and the linear regressions (Pearson's) were calculated separately for each group. Calculations were done using the EPI 6 statistical package of the American Society of Epidemiology. The reference interval for the IAPP was based on measurements from healthy subjects and was calculated as the mean^2S.D.
Results
The means for plasma IAPP and serum insulin levels are shown in Table 1 . Mean plasma IAPP levels were signi®cantly higher in MTC patients P , 0X05, whereas insulin and glucose levels did not differ between the two groups. HbA1c levels were in the normal range and did not differ between patients and controls (4X3^0X4 versus 4X1^0X4%; not signi®cant). Seven out of 10 patients with MTC had IAPP levels higher than the mean12S.D. of the control group. There was a positive linear correlation between IAPP and insulin levels in the control group r 0X70Y P , 0X01X A positive linear correlation between IAPP and insulin levels was found in the MTC group as well r 0X72Y P , 0X05 (Fig. 1) . Comparison by covariance analysis showed that the MTC group had a considerably higher regression coef®cient than the control group (2.46 versus 0.341), and this difference was statistically signi®cant (F slope: 12.9, degrees of freedom: 1, 23, P , 0X005X Although MTC patients with higher calcitonin levels tended to have higher IAPP levels too, there was no signi®cant correlation between the two parameters r 20X06, not signi®cant). Interestingly, the highest IAPP levels were found in one patient in whom dedifferentiation of the tumour was assumed, as judged by the slowly decreasing calcitonin levels and the progression to death from uncontrolled disease shortly afterwards.
Immunocytochemistry
Positive reactivity for IAPP was detected in four out of 12 MTC specimens; one showed high plasma IAPP levels. A patchy pattern of distribution was observed with a focally intense cytoplasmic stain (Fig. 2) , both in plasmocytoid and spindle tumour cells. Amyloid depositions in the tumour stroma exhibited only a weak focal positivity. The smallest IAPP-positive tumour had a maximal diameter of 2.8 cm. In two cases there were lymph-node metastases which also exhibited IAPP-positive tumour cells. There were no cases of positive staining in lymph-node metastasis in the absence of staining in the primary tumour.
Discussion
Further to our previous ®ndings regarding IAPP mRNA in MTC tissues (8) , in the present study we showed (by immunocytochemistry) that the IAPP gene, somewhat like other members of the calcitonin-gene superfamily, is effectively expressed at the protein level in the largest MTC (.2.8 cm) tumours and in some of the metastatic lymph nodes as well. The mechanisms/factors which are involved in IAPP-gene activation and IAPP-peptide processing in MTC tissues are still unknown (7) . One possibility might be that unknown transcription factors are involved in the regulation of both calcitonin and IAPP genes. Interestingly, although the IAPP and insulin genes have common promoter elements, no insulin expression was found either in a series of 27 MTCs (13), or in the series of 12 MTCs previously examined by us (8, unpublished observations (MA and SIG)).
We also showed that the majority (7/10) of a group of MTC patients have elevated levels of circulating IAPP which do not inhibit pancreatic insulin secretion. Unfortunately, we did not have the chance to investigate whether there was a signi®cant arterial/venous gradient of IAPP levels across the ectopic source or a substantial decrease in the peptide levels after tumour removal, in order de®nitively to show IAPP secretion, in the circulation, by MTC tissues. That there is an extrapancreatic source of IAPP production is supported by the difference in the slope of the IAPP and insulin regression line. Furthermore, the positive peptide reactivity in one-third of a random sample of MTC tissues supports the view that residual MTC cells either in the thyroid bed or in lymph nodes are probably the source of the elevated IAPP in our patients.
IAPP plasma levels in some of our patients were even higher than that reported for insulinoma, the`home' cell type of this peptide, the IAPP levels of which are very rarely affected (14±16). It has been suggested that in those cases IAPP is probably retained in tumour cells and not secreted (16) . In addition, although IAPP mRNA has been found in the gastrointestinal tract, dorsal root ganglia, and lung (17) , circulating IAPP levels were not increased in patients with gastrointestinal tumours, where the peptide was detected in the respective tissues using immunohistochemistry (14) . Therefore neoplastic C-cells behave differently from insulinoma cells with regard to the secretion of IAPP, maybe because of their speci®c differentiation.
IAPP secretion in MTC does not parallel that of calcitonin (data not shown) ± a ®nding consistent with the results from the mRNA expression studies (8) . Furthermore, we determined the highest plasma levels of IAPP in the only patient who had a de-differentiated tumour with declining calcitonin levels and a dramatic aggravation of the disease. A similar situation has been reported for CGRP production by MTC cells, where increased CGRP/low-calcitonin production has been observed in a de-differentiated MTC cell line (18) . Thus, the increased ratio of IAPP and/or CGRP to calcitonin may re¯ect the de-differentiation of the C cells. Interestingly, the immunohistochemistry data showed positive staining mainly in the largest tumours, which are usually the most aggressive ones. We did not have the chance to measure plasma CGRP levels in our patients, but CGRP and IAPP mRNA levels did not seem to be related in a previous study (8) .
From our data, we are unable to de®ne the role (if one exists) of IAPP in MTC tissue. IAPP is known to inhibit stimulated insulin secretion locally in vitro through a paracrine effect in islet cells (19) . Since it is known that IAPP infusion does not affect calcitonin secretion by C-cells (20) , there is a possibility of an IAPP inhibitory effect on calcitonin secretion, involving an autocrine/paracrine mechanism ± possibly via an interaction with insulin receptors (2) .
One further question that remains is whether IAPP has a function in cell division, as it has been reported to have mitogenic effects in various cell types (21, 22) ; in vitro studies will be needed in order to clarify this issue.
In addition, in this study we showed that IAPP probably does not have a classical hormone action, at least in patients with MTC, since it does not seem to affect insulin secretion from the pancreas, although there is evidence for such action at normal levels (23). Since we did not have the chance to examine plasma IAPP levels preoperatively, we cannot exclude the possibility that increased plasma IAPP levels might be a feature of metastatic disease.
Further studies will be needed to clarify this issue and to determine whether plasma IAPP could possibly serve as a marker of metastasis or aggravation of disease in MTC.
